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A system for charging an electric vehicle includes a vehicle-
side transformer part arranged behind a license plate of the
vehicle. The vehicle-side transformer part couples with a
charging station-side transformer part through the license
plate when the charging station-side transformer part is
arranged in front of the license plate such that electrical
energy can be transferred through the transformer parts to the
vehicle.
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1
CHARGING SYSTEM FOR VEHICLES
WHERE THE CHARGING COILS ARE
COUPLED THROUGH THE VEHICLE
LICENSE PLATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/EP2011/053650, published in German, with
an International filing date of Mar. 10, 2011, which claims
priority to DE 102010011 235.6, filed Mar. 12, 2010 and DE
10 2010 022 740.4, filed Jun. 4, 2010; the disclosures of
which are incorporated in their entirety by reference herein.

TECHNICAL FIELD

The present invention relates to a transmission system for
charging the traction battery of an electric vehicle parked at a
charging station in which the transmission system includes
first and second transformer parts with the first transformer
part being associated with a charging station coupler that can
be attached to the vehicle and the second transformer part
being associated with the vehicle whereby electrical energy
can be transferred from the charging station through the trans-
former parts to the traction battery of the vehicle when the
coupler is attached to the vehicle.

BACKGROUND

DE 24 34 890 B1 describes such a transmission system
having two transformer parts provided respectively on an
electric vehicle and a parking space. Electrical energy can be
transferred through an inductive path from an AC network at
the parking space to the traction battery of the vehicle upon
the transformer parts being coupled together. The transformer
part of the vehicle is located in a front bumper of the vehicle.
The transformer part of the parking space is in a horizontal
charging board at the parking space. The transformer parts are
mounted on springs to achieve coupling without an air gap
therebetween.

DE 24 34 890 B1 assumes that the shape, dimensions, and
spatial arrangement of the two transformer parts respectively
on the vehicle and the parking space match one another. This
is not simple to satisty in practical environments especially
when the transmission system is to be used with vehicles
having various diverse designs. The transformer part on the
vehicle has to be adequately oriented with respect to the
assembly of the transformer part of the parking space. The
coupling of the transformer part of the parking space to the
transformer part in the front bumper region of the vehicle is
made more difficult in modern vehicles as the bumper is
usually covered by body trim, such as by the so-called front
apron. Moreover, different types of vehicles have various
diverse shaped vehicle bodies. This makes a precise align-
ment of the two transformer parts even more difficult.

SUMMARY

An object of the present invention includes a transmission
system for charging the traction battery of a vehicle in which
the transmission system is simple, universal, and comfortable
to use.

Some embodiments of the present invention are directed to
a transmission system configured to charge the traction bat-
tery of an electric vehicle at a charging station. The transmis-
sion system includes first and second transformer parts. The
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2

first transformer part is associated with a coupler of the charg-
ing station. The coupler is attachable to the vehicle when the
vehicle is parked at the charging station. The second trans-
former part is associated with the vehicle. The transformer
parts are coupled together when the coupler is attached to the
vehicle. Electrical energy can be transferred from the charg-
ing station through the transformer parts to the traction bat-
tery of the vehicle when the transformer parts are coupled
together.

The vehicle-side transformer part is arranged behind a
license plate of the vehicle and lies physically against the
inner, non-exposed side of the license plate. The coupler of
the charging station attaches to the vehicle by being placed on
the outer, exposed side of the license plate. As a result of the
coupler being placed on the outer side of the license plate, the
charging station-side transformer part lies physically against
the outer side of the license plate. Hence, the transformer
parts physically sandwich the license plate with the trans-
former parts being inductively coupled to one another
through the license plate.

Some embodiments of the present invention are directed to
a transformer part of a transmission system configured to
charge the traction battery of an electric vehicle at a charging
station. This transformer part is a vehicle-side transformer
partthatis associated with the vehicle. The vehicle-side trans-
former part is arranged behind a license plate of the vehicle
physically against the inner side of the license plate. The
transmission system includes a charging-side transformer
part that is associated with the charging station. The charging
station-side transformer part belongs to a coupler at the charg-
ing station. The coupler is attachable to the vehicle. In par-
ticular, the coupler attaches to the vehicle by being placed
against the outer side of the license plate such that the charg-
ing station-side transformer part is arranged physically
against the outer side of the license plate opposite to the
vehicle-side transformer part. As a result, the transformer
parts couple together when the coupler is attached to the
vehicle. Electrical energy can be transferred from the charg-
ing station through the transformer parts to the traction bat-
tery of the vehicle when the transformer parts are coupled
together.

As described, in embodiments of the present invention, the
vehicle-side transformer part is arranged behind a license
plate of the vehicle. This is advantageous because official
license plates are generally mounted in standardized posi-
tions on vehicles. Typically, license plates are attached to the
front center of the vehicle body and/or to the rear center of the
vehicle body, with minimal clearances above the roadway
being prescribed. In any case, the locations of the license
plates are easy to locate on the vehicle body even if they
deviate from the standard. For vehicles in which the vehicle-
side transformer part is located behind the front or rear
vehicle-side license plate, it is thus easy to locate the vehicle’s
attachment piece for the charging station coupler.

In embodiments of the present invention, a license plate
completely, or at least to a large extent, is formed of a material
that does not conduct electrically, or does so only to a small
extent. As such, eddy current losses can be kept relatively
small during the energy transfer process from the charging
station-side transformer part to the vehicle-side transformer
part. In embodiments of the present invention, the license
plateis formed of an electrically non-conductive plastic mate-
rial. However, the license plate may be formed of other mate-
rials or material combinations that do not conduct electrically
or do so to a small extent. Electrically conductive materials
having small dimensions in the direction of inductive energy
transmission affect the transmission slightly. Thus, the offi-
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cial registration number can be placed in the form of a thin
metallic coating on the otherwise electrically non-, or
slightly, conducting license plate.

The coupler of the charging station is placed from the
outside on the license plate of the vehicle in order for the
charging station-side transformer part to inductively couple
with the vehicle-side transformer part. As the two transformer
parts are then separated by the relatively thin-walled license
plate, the energy transmission can take place with relatively
high efficiency.

In embodiments of the present invention, the coupler of the
charging station has a bearing surface whose dimensions
correspond to the standard size of a given license plate. This
enables achievement of a precisely positioned assembly of
the transformer parts to one another in a particularly simple
manner.

In embodiments of the present invention, the coupler of the
charging station is positioned by a control mechanism with an
electric motor. Additional means for the precise determina-
tion of the position of the license plate may be used. For
example, a camera monitoring the license plate position may
cooperate with the control mechanism. It is thereby possible
to automatically, without manual intervention, move the cou-
pler onto the outer side of the license plate to complete the
coupling of the transformer parts.

The above features, and other features and advantages of
the present invention are readily apparent from the following
detailed description thereof when taken in connection with
the accompanying drawings. It is understood that the features
stated above and to be explained below may be used not only
in the particular stated combination, but also in other combi-
nations or alone without departing from the scope of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 illustrate respective block diagrams of com-
ponents of a transmission system for charging the traction
battery of an electric vehicle parked at a charging station in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

Detailed embodiments of the present invention are dis-
closed herein; however, it is to be understood that the dis-
closed embodiments are merely exemplary of the present
invention that may be embodied in various and alternative
forms. The figures are not necessarily to scale; some features
may be exaggerated or minimized to show details of particu-
lar components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled in
the art to variously employ the present invention.

Referring now to FIGS. 1 and 2, respective block diagrams
of components of a transmission system 10 in accordance
with an embodiment of the present invention are shown. The
transmission system is for charging the traction battery of an
electric vehicle 12 parked at a charging station 14. The trans-
mission system includes a first transformer part 1 and a sec-
ond transformer part 2. First transformer part 1 is associated
with a coupler 16 of the charging station and is thereby a
charging station-side transformer part 1. Second transformer
part 2 is associated with the vehicle and is thereby a vehicle-
side transformer part 2.

The coupler of the charging station can be attached to the
vehicle when the vehicle is parked at the charging station. The
coupler has a bearing surface 18 whose dimensions may
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correspond to the standard size of a license plate. Transformer
parts 1, 2 are physically adjacent to one another and induc-
tively couple together when the coupler is attached to the
vehicle. Electrical energy can be transferred from the charg-
ing station through transformer parts 1, 2 to the traction
battery of the vehicle when the coupler is attached to the
vehicle with transformer parts 1, 2 being inductively coupled
together.

As described in greater detail below, vehicle-side trans-
former part 2 is arranged behind a license plate 3 of the
vehicle and lies physically against the inner (typically non-
exposed) side of license plate 3. Accordingly, as shown in
FIG. 1, when the coupler of the charging station is attached to
the vehicle, transformer parts 1, 2 physically sandwich
license plate 3 with charging station-side transformer part 1
physically lying against the outer (typically exposed) side of
license plate 3 and vehicle-side transformer part 2 physically
lying against the inner side of license plate 3. The thickness of
license plate 3 is depicted in FIG. 1. As transformer parts 1, 2
are physically adjacent to one another, albeit separated by the
license plate thickness, transformer parts 1, 2 are inductively
coupled together through license plate 3. Electrical energy
can be transferred through transformer parts 1, 2 due to the
inductive coupling of transformer parts 1, 2.

As shown in FIG. 1, charging station-side transformer part
1 is an E-shaped yoke. Similarly, vehicle-side transformer
part 2 is a corresponding E-shaped yoke. Each transformer
part 1, 2 is generally a yoke having at least one winding. The
windings, nor associated electrical devices that are connected
to the windings, are shown in FIG. 1. Such details regarding
the windings and transformer parts 1, 2 in general are
described, for example, in DE 24 34 890 B 1, which is hereby
incorporated by reference in its entirety.

When transformer parts 1, 2 lie against opposite sides of
license plate 3 as shown in FIG. 1, end sections (e.g., first
transformer core leg portion 64 and second transformer core
leg portion 6b) of the yokes of transformer parts 1, 2 lie
opposite one another against the opposite sides of license
plate 3. As a result, the end sections of the yokes of trans-
former parts 1, 2 are separated from each other only by license
plate 3 and can thereby inductively couple together.

License plate 3 is formed of a material or combination of
materials that conducts electrically no more than a relatively
small extent. For example, license plate 3 is formed of an
electrically non-conductive plastic material 5. As such, eddy
current losses can be kept relatively small during energy
transfer from charging station-side transformer part 1 to
vehicle-side transformer part 2. The material forming license
plate 3 includes magnetically conducting regions 4. Magneti-
cally conducting regions 4 fill the thickness of license plate 3
at the locations between the opposing end sections of the
yokes of transformer parts 1, 2 which meet adjacent to one
another when the coupler is attached to the vehicle. That is, at
these corresponding locations of license plate 3 through the
entire thickness of license plate 3, license plate 3 is formed of
amagnetic material in lieu of the plastic material. As such, the
plastic of license plate 3 is filled with the magnetic material at
these locations of license plate 3 which are physically adja-
cent to the corresponding end sections of the yokes of trans-
former parts 1, 2 when the coupler is attached to the vehicle.
The magnetic material may be a ferromagnetic material or the
like.

The inductive coupling of transformer parts 1, 2 can be
further improved with the use of magnetically conducting
regions 4. Such a configuration can be fabricated in a two-
component injection molding process. In this molding pro-
cess, a first unfilled plastic material forms a frame having
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recesses. The recesses are then filled with a plastic material
that is filled with a ferromagnetic material.

In order to charge the traction battery of an electric vehicle,
the driver drives the vehicle to the charging station and manu-
ally makes the coupling with the coupler of the charging
station at the outside of license plate 3 behind which vehicle-
side transformer part 2 is located.

The charging station may be configured such that a fully
automatic procedure is used to connect the coupler of the
charging station to the vehicle without human intervention. In
this configuration, the charging station may include a camera
aided position measuring device which detects the exact posi-
tion of license plate 3. The charging station may further
include an arm mechanism or the like which moves the cou-
pler precisely to the position of license plate 3 as detected by
the position measuring device.

As described, the coupler of the charging station includes
charging station-side transformer part 1. An electric vehicle
to be charged at the charging station includes a vehicle-side
transformer part 2. The configurations of transformer parts 1,
2 correspond to one another as shown in FIG. 1. Vehicle-side
transformer part 2 is located behind a license plate 3 of the
vehicle. In particular, vehicle-side transformer part 2 is
located physically against the inner side of license plate 3.
The coupler can be attached to the vehicle when the vehicle is
parked at the charging station. The coupler attaches to the
vehicle by being placed on the outer side of license plate 3.
When the coupler is attached to the vehicle, charging station-
side transformer part 1 is located physically against the outer
side of license plate 3 opposite to vehicle-side transformer
part 2. In effect, transformer parts 1, 2, physically sandwich
license plate 3. The end sections of the yokes of transformer
parts 1, 2, are physically adjacent to one another and induc-
tively couple together. Electrical energy can now be trans-
ferred from the charging station through the inductive path of
transformer parts 1, 2 to the traction battery of the vehicle.

Charging station-side transformer part 1 transmits electri-
cal energy for charging the traction battery on vehicle-side
transformer part 2 until some predetermined event occurs. For
example, energy is transferred from the charging station until
a preselected amount of energy has been transferred to the
vehicle or until a reduction in the charting current indicates
that the traction battery is recharged sufficiently. The charg-
ing process terminates with the manual or automatic removal
of the coupler of the charging station from the outer side of
license plate 3.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the present invention. Rather, the words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made with-
out departing from the spirit and scope of the present inven-
tion. Additionally, the features of various implementing
embodiments may be combined to form further embodiments
of the present invention.

What is claimed is:

1. A system for charging an electric vehicle, the system
comprising:

a vehicle-side transformer part arranged behind a license
plate of the vehicle physically against an inner side of the
license plate;

wherein the vehicle-side transformer part couples with a
charging station-side transformer part through the
license plate when the charging station-side transformer
part is arranged physically against an outer side of the
license plate opposite to the vehicle-side transformer
part with the transformer parts physically sandwiching
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the license plate such that electrical energy can be trans-
ferred through the transformer parts to the vehicle.

2. The system of claim 1 wherein:

the vehicle-side transformer part includes a transformer
core leg portion; and

the transformer core leg portion of the vehicle-side trans-
former part is opposite to a transformer core leg portion
of the charging station-side transformer part with the
transformer core leg portions sandwiching a portion of
the license plate whereby the transformer core leg por-
tions and the portion of the license plate form a trans-
former core leg when the charging station-side trans-
former part is arranged physically against the outer side
of the license plate opposite to the vehicle-side trans-
former part with the transformer parts sandwiching the
license plate.

3. A system for charging an electric vehicle parked at a

charging station, the system comprising:

a charging station-side transformer part associated with a
coupler of the charging station; and

a vehicle-side transformer part associated with the vehicle
and arranged behind a license plate of the vehicle physi-
cally against an inner side of the license plate;

wherein the coupler is attachable to the vehicle to arrange
the charging-side transformer part physically against an
outer side of the license plate opposite to the vehicle-side
transformer part with the transformer parts physically
sandwiching the license plate and being coupled
together through the license plate when the coupler is
attached to the vehicle such that energy can be trans-
ferred from the charging station through the transformer
parts to the vehicle.

4. The system of claim 3 wherein:

the coupler is placed on the outer side of the license plate
such that the charging-side transformer part is arranged
physically against the outer side of the license plate.

5. The system of claim 3 wherein:

the charging station-side transformer part includes a first
transformer core leg portion;

the vehicle-side transformer part includes a second trans-
former core leg portion;

the transformer core leg portions are opposite to one
another and sandwich a portion of the license plate
whereby the transformer core leg portions and the por-
tion of the license plate form a transformer core leg when
the charging station-side transformer part is physically
against the outer side of the license plate opposite to the
vehicle-side transformer part with the transformer parts
sandwiching the license plate.

6. A system for charging an electric vehicle, the system

comprising:

a license plate having a front surface and a rear surface;

a charging station-side transformer part arranged physi-
cally against the front surface of the license plate; and

avehicle-side transformer part arranged physically against
the rear surface of the license plate opposite to the charg-
ing station-side transformer part;

wherein the transformer parts physically sandwich the
license plate and are inductively coupled together
through the license plate such that energy can be trans-
ferred through the transformer parts to the vehicle.

7. The system of claim 6 wherein:

a majority portion of the license plate is a non-electrically
conductive material.

8. The system of claim 7 wherein:

the majority portion of the license plate is plastic.
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9. The system of claim 7 wherein:

the license plate includes ferromagnetic material regions
located in the license plate where the transformer parts
are physically against the surfaces of the license plate
opposite from one another.

10. The system of claim 6 wherein:

the license plate includes ferromagnetic material regions
located in the license plate where the transformer parts
are physically against the surfaces of the license plate
opposite from one another.

11. The system of claim 6 further comprising:

a coupler connected to the charging station-side trans-
former part;

wherein the coupler is positioned near the front surface of
the license plate such that the charging station-side
transformer part is arranged physically against the front
surface of the license plate.

12. The system of claim 11 wherein:

the coupler includes a bearing surface attachable to the
front surface of the license plate, wherein dimensions of

10

8

the bearing surface of the coupler correspond to dimen-
sions of the front surface of the license plate.

13. The system of claim 6 wherein:

the charging station-side transformer part includes a first
transformer core leg portion;

the vehicle-side transformer part incudes a second trans-
former core leg portion;

the transformer core leg portions are opposite to one
another and sandwich a portion of the license plate
whereby the transformer core leg portions and the por-
tion of the license plate form a transformer core leg.

14. The system of claim 13 wherein:

the portion of the license plate that is part of the transformer
core leg includes a magnetic material;

portions of the license plate adjacent to the portion of the
license plate that is part of the transformer core leg
include a non-magnetic material.
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